The taxonomic status of white-backed hog-nosed skunks (genus Conepatus, subgenus Oryctogale) was examined using external and cranial morphology as well as mitochondrial deoxyribonucleic acid sequence. Two species, Conepatus leuconotus and C. mesoleucus, and their subspecies were determined to represent only a single species, C. leuconotus. 
Many species of mammalian carnivore are provided protection under the Endangered Species Act of 1973, yet the actual number of threatened or endangered carnivores probably is much higher. The primary reason for some species of carnivores not being provided special protection is the absence of biological information pertaining to the systematics, distribution, relative abundance, and ecology of taxa of uncertain status. The unfortunate problem is that many carnivore populations have reached the point of no return prior to the collection of such biological data. As an example of a species that had almost reached that point, in 1920 an estimated 500,000 black-footed ferrets existed. That number had been reduced to a total of 18 individuals by 1987 * Correspondent: jdragoo@unm.edu (Dobson and Lyles 2000) . Between 1851 and 1981, only 1 population of black-footed ferret had been studied (Clark 1987) .
The real problems faced by those interested in the conservation of biodiversity are identifying species at risk prior to their extirpation and devising proper management schemes for the conservation of populations and species. The first step toward answering these questions is to identify unique populations through an examination of geographic variation defined by morphology or genetics or both. The uniqueness of particular stocks provides a rational basis for the identification of taxa that need special protection (Moritz 1994) .
Biological information (much in the form of reports to both state and federal agencies) from surveys and research in Texas provides strong evidence of a drastic de- cline of populations of hog-nosed skunks (genus Conepatus) in the eastern region and the Gulf Coast region of Texas (J. Dragoo et al., in litt.; J. Rappole and A. Tipton, in litt.; Schmidly 1983) . Taxonomically these populations are considered as 2 species (Davis and Schimdly 1994; Jones et al. 1997; Wozencraft 1993) .
There are currently 5 recognized species in this genus that occur from southern Colorado to Argentina (Wozencraft 1993) . Two species, Conepatus chinga and C. humboldtii, occur only in South America. C. semistriatus occurs from Central America to South America. C. mesoleucus, with 10 subspecies (Hall 1981) , ranges from southwestern United States through most of Mexico and into Central America (Fig. 1) . C. leuconotus is represented by 2 subspecies occurring along the coastal plain of the Gulf of Mexico from Veracruz to the southern tip of Texas (Fig. 1) . C. leuconotus is likely parapatric with the closely related and widely distributed western hog-nosed skunk, C. mesoleucus (Dragoo et al. 1989) .
Since the designation of C. leuconotus and C. mesoleucus as distinct species (Audubon and Bachman 1851; Lichtenstein 1832), the systematics of named taxa within the genus has been controversial. Based on the descriptions of the different species, Coues (1877) could find no justification for more than a single species in the United States and Mexico. In support of Coues' contention, Hall and Kelson (1952) reported that the only significant difference between C. leuconotus and C. mesoleucus was size, with color pattern differences between these 2 taxa being at most an indicator of geographic variation rather than a consistent character for the recognition of distinct species. They further stated that proof of intergradation, or lack of it, could best be sought by obtaining specimens from areas between the distributions of these 2 taxa. Raun and Wilks (1961) subsequently reported a specimen from Atascosa County, Texas that, based on size and color pattern, was intermediate between C. mesoleucus and C. leuconotus. Raun and Wilks (1961: 205) stated ''Although the majority of the published checklists treat mesoleucus and leuconotus as separate species, most workers agree that the 2 should be conspecific.'' Part of the current controversy over the number of species and uniqueness of geographic variation within the genus can be related to taxonomic characters and techniques used in these early systematic studies. For instance, the taxonomy of hognosed skunks is based on cranial morphology, body size, and color patterns, all of which are quantitative traits that may be strongly influenced by environmental factors. In spite of this fact, with the exception of Van Gelder's (1968) study of nongeographic variation of cranial measurements and color patterns within hog-nosed skunks from Uruguay, no detailed analysis of nongeographic variation of taxonomic characters used to describe hog-nosed skunk taxa has been conducted. This is important, because subspecies in Texas and Colorado that are either endangered or extinct have been described based on these characters that are potentially influenced by environment.
FIG. 2.-A)
Six categories of dorsal stripe patterns in hog-nosed skunks. These categories are pattern 1, the median dorsal stripe terminates leaving no white on the rump, and Ͼ50% of tail is white to the tip (the width of the stripe near the shoulders varies from narrow to wide); pattern 2, median dorsal stripe and white on tail are connected by a narrow stripe of white, basal 3rd of tail black on the sides (width of stripe between shoulders ranges from narrow to wide); pattern 3, median dorsal stripe is narrow between shoulders and the hips, with only a slight constriction at hips; pattern 4, median dorsal stripe narrow at neck and expanded in midregion of back; pattern 5, median dorsal stripe wide from neck to hips; pattern 6, median dorsal stripe completely covers back. B) Three headstripe patterns in hog-nosed skunks: wedged, curved, and truncated.
A detailed systematics study of hognosed skunk taxa from Texas and adjacent geographic regions is required if one is to make informed decisions concerning the uniqueness of declining genetic stocks of hog-nosed skunks in the United States. In an effort to assess taxonomic status of currently recognized species and subspecies in the United States (Hall 1981) , 2 experimental approaches were employed. First, specimens of hog-nosed skunks were measured for color patterns and 24 cranial measurements. Second, the degree of genetic differentiation was examined by sequencing selected regions of the mitochondrial control region (D-loop).
MATERIALS AND METHODS
We examined 976 specimens from 29 museum collections (Appendixes I and II) for color pattern analyses, cranial measurements, or deoxyribonucleic acid (DNA) sequence analyses.
Morphological analyses.-Photographs were taken of 85 museum skins to observe variation in color pattern. These skins included 21 C. l. texensis, 11 C. m. telmalestes, and 53 C. m. mearnsi. Specimens were assigned subspecies names based on geographic locality (Hall 1981) and grouped into 1 of 6 color pattern categories ( Fig. 2A) . These specimens also were grouped into categories based on whether the terminal white stripe of the head was wedge-shaped, curved, or truncated (Fig. 2B) .
Twenty-four cranial characters were measured to the nearest 0.1 mm with dial calipers from a total of 614 specimens. These measurements, described by Van Gelder (1968) , were used to examine patterns of morphological variation. Tooth wear and suture lines were used to determine age of specimens. Descriptive statistics (mean, range, and SE), and multivariate analyses were all performed using the Statistical Analysis System 84.2 (SAS Institute Inc. 1982a , 1982b .
Two preliminary analyses were performed in an effort to determine if individuals from different age and sex classes could be pooled for between-group comparisons. Data were log transformed and any character with a coefficient of variation (CV) Ͼ5% after transformation were excluded from further analysis. In the 1st analysis, individuals from all 4 classes (adult males, subadult males, adult females, and subadult females) were examined for variation using principal components analysis (PCA). Second, Tukey's Student range test was used to compare the 4 classes for significant differences related to size. Both PCA and discriminant function analyses were used to evaluate degree of differ-entiation among populations of hog-nosed skunks.
Genetic analyses.-Twenty-six specimens were examined by mitochondrial DNA (mtDNA) sequence analyses of the cytochrome-b gene. DNA from frozen tissue (heart, liver, or kidney) was isolated using either a direct purification of mtDNA by cesium chloride : propidium iodide gradient centrifugation (Brown 1980) or phenol : chloroform extraction of total DNA (Hillis et al. 1996) . Total genomic and mtDNA from museum specimens was isolated using a modified technique described by Pääbo et al. (1988) .
The entire mitochondrial control region (Dloop) from 3 species (C. leuconotus, C. mesoleucus, and C. chinga) was amplified using polymerase chain reaction (PCR). Double-stranded DNA products of the D-loop were amplified with primers L16272 (5Ј-TACACTGGTCTTGTAA-ACC-3Ј) and H1008 (5Ј-AAGGCTAGGACC-AAACCT-3Ј). The names of the oligonucleotides indicate the heavy (H) or light (L) strand and the position of the 3Ј end of the oligonucleotide according to the numbering of Phoca vitulina (Arnason and Johnsson 1992). Double-stranded DNA products were obtained with PCR amplification using Taq DNA polymerase (Saiki et al. 1986 (Saiki et al. , 1988 , following similar procedures used by Dragoo et al. (1993) . As suggested by Pääbo (1990) , all PCR reactions had amplification controls, in which water was added to the reaction in the place of DNA extract. PCR products were sequenced as described by Dragoo et al. (1993) .
The Clustal V program (Higgins et al. 1992 ) and visual inspection were used to align the entire D-loop sequences. These aligned sequences were used to identify regions within the D-loop that might be suitable for the design of primers bracketing regions that were both variable and small in size (Յ250 base pairs [bp] ). Smaller regions of the D-loop were used for more extensive comparisons of variation among taxa of C. mesoleucus and C. leuconotus. This approach was used because DNA isolated from museum specimens was degraded, reducing the ability to isolate larger fragments of D-loop via PCR amplification.
After comparing D-loop variation, 2 regions were selected for detailed comparisons of nucleotide sequence variation within and among several subspecies of hog-nosed skunks. These 2 regions included 1) approximately 170-bp region bracketed by primers L398 (5Ј-CCTCTCA-AATGGGACATCTCG-3Ј) and H601 (5Ј-GG-TTGTATGATGCGGGTAAATG-3Ј); and 2) approximately 230-bp region bracketed by primers L724 (5Ј-CCGCCAAACCCCAAAAA-3Ј) and H1008. These 2 regions were examined for detailed phylogenetic analyses of specimens of mephitids including the outgroup taxon Mydaus (Dragoo and Honeycutt 1997) , 2 striped skunks (Mephitis mephitis and M. macroura), eastern spotted skunk (Spilogale gracilis), C. chinga, 4 representatives of C. leuconotus, 7 individuals of C. m. mearnsi from several geographic localities, and subspecies C. m. sonoriensis, C. m. figginsi, and C. m. venaticus , which represent more peripherally isolated races. Many of these sequences were obtained from DNA extracted and amplified from museum specimens. The eastern Texas hog-nosed skunk (C. m. telmalestes) and C. m. fremonti were not examined, because we were unable to obtain PCR amplification products from museum skin samples. All sequences have been deposited in GenBank with accession numbers AY159816-AY159836.
Parsimony analyses of the aligned D-loop sequences were conducted with PAUP 3.1.1 (Swofford 1993) . Variable nucleotide positions were treated as unordered discrete characters, and insertion or deletion or both characters were coded as a new state. A phylogenetic tree was obtained using 1,000 heuristic searches (tree bisection and reconnection algorithm) in which input order of taxa was randomized. This phylogenetic analysis was used to evaluate the uniqueness of any recognized subspecies and species of Conepatus relative to other taxa of skunks.
RESULTS
Variation in color pattern.-Relative to 6 categories of stripe pattern, C. m. mearnsi was represented in 5 of 6 categories, with 1.9% of the specimens in category 2, 18.9% in category 3, 13.2% in category 4, 41.5% in category 5, and 24.5% in category 6 (Fig. 3A) . The terminal white stripe on the head was wedge-shaped in 26.4%, curved in 54.7%, and truncated in 18.9% (Fig. 3B) . C. m. telmalestes was represented in 4 of 6 categories, ranging from 9.1% in category 4 to 45.5% in category 3, and subsets of these specimens grouped in all 3 categories of stripe pattern on the head region (Figs. 3A and 3B). The Gulf Coast hog-nosed skunk, C. l. texensis, also was represented in 5 of 6 color-pattern categories (Fig. 3A) , with 23.8% in category 1, 47.6% in category 2, 14.3% in category 3, 9.5% in category 4, and 4.8% in category 5. Again, there were representative specimens for all 3 head patterns (Fig. 3B) . Also in Fig. 3A , there was a trend for C. l. texensis specimens to have a stripe pattern more like categories 1 and 2, whereas more of the C. m. mearnsi individuals were like categories 4 and 5. Nevertheless, considerable overlap in color pattern on both the back and head was observed among all specimens.
Morphological variation.-Descriptive statistics of cranial measurements for each nominal taxon examined are available, either electronically or as hard copy, and archived at the Museum of Southwestern Biology. Nongeographic variation in C. m. mearnsi indicated that males are larger than females for the measurements recorded in this study, and a Tukey's Student range test demonstrated a significant difference between males and females for most of the measurements. Therefore, all further analyses were conducted separately for males and females.
A PCA for females was conducted using the 21 cranial characters with CV Ͻ 5. Because the 1st principal component primarily is related to size, it was eliminated, and principal components 2-21 were used in a discriminant function analyses (Owen 1987) .
We used 228 females in this discriminant function analyses. Because males had a pattern similar to that of females, results are not reported for males. The first 2 canonical vectors accounted for 72% of the variation in the 21 cranial characters entered into the model (Fig. 4) . Small sample sizes for C. m. telmalestes, C. l. leuconotus, and C. humboldtii precluded derivation of a 95% confidence limit for these taxa. Also, C. m. figginsi, C. m. fremonti, and C. m. filipensis could not be included in analyses because of missing values for specimens, unknown sex, or existence of only a single specimen.
Three of the 4 groups represented South American and Central American species, C. chinga, C. humboldtii, and C. semistriatus (Fig. 4) . The 4th group represented a series of overlapping clusters depicting subspecies of both C. mesoleucus and C. leuconotus. There was no distinctive break among taxa represented in this 4th group.
Canonical vectors obtained from this analysis were used to produce taxonomic distances (Manhattan distances). Phenetic variation was evaluated using distance values and neighbor-joining procedure (Saitou and Nei 1987) . As seen in the discriminant function analyses (Fig. 4) , Central and South American species were grouped separately from representative taxa of C. leuconotus and C. mesoleucus. The 2 subspecies of C. leuconotus were intermixed with the subspecies of C. mesoleucus (Fig. 5) .
Genetic variation in mitochondrial Dloop.-Twelve equally most parsimonious trees (derived using a heuristic search in PAUP) of length 166, consistency index (CI) of 0.843, and retention index (RI) of 0.832 were generated from the analyses (Fig. 6) . Of the 427 characters used in this analysis, 98 were informative. Two specimens of C. leuconotus from the same locality in Tamaulipas, Mexico, formed a monophyletic group. The only major separation among the various North American hog-nosed skunks involved C. m. figginsi, which grouped separately from the other individuals examined. A South American species, C. chinga, was the most divergent taxon, differing from the others by approximately 6.28% (Kimura 2-parameter sequence divergence- Kimura 1980 
telmalestes).''
The disappearance of C. m. telmalestes is even more apparent when one considers that in 7 years of concentrated research within the range of this subspecies, no direct evidence of the hog-nosed skunk was obtained (D. Schmidly et al., in litt.) .
A likely cause for the decline of populations of hog-nosed skunks may be the increase in the number of trappers or possibly the increase of feral hogs that have been introduced into the area. Feral hogs eat a variety of items, including fruits, roots, mushrooms, and invertebrates, depending on the season. Their rooting behavior is competitive with the rooting behavior of hog-nosed skunks. Feral hogs can have detectable influences on wildlife and plant communities as well as on domestic crops and livestock. Extensive disturbance of vegetation and soil occurs as a result of their rooting habits. Feral hogs compete, to some degree, with several species of wildlife for some foods (Davis and Schmidly 1994) .
Another population in southern Texas is potentially threatened or endangered as well. J. Rappole and A. Tipton (in litt.) presented a report to the United States Fish and Wildlife Service, Office of Endangered Species, that briefly summarized information on terrestrial mammals that might be declining, threatened, or endangered in Texas. While not currently assigned to special protective status under federal law, they recommended that C. l. texensis be considered as ''threatened. In the case of C. l. texensis (Gulf Coast hog-nosed skunk), 80% of all museum specimens from Texas were collected before the turn of the century (mid-1800 to 1900), 13% between 1901 13% between and 1950 13% between , and only 7% after 1950 . One additional specimen was salvaged in 2000 (M. Tewes, pers. comm.) . Recent surveys and detailed scent-station studies in southern Texas also verify reduction of this subspecies' range and numbers in the lower Rio Grande Valley, possibly as a result of habitat loss (J. Dragoo et al., in litt.; Stapper 1989) . The question as to whether or not this population has experienced a similar reduction of numbers throughout its range in Mexico is more difficult to answer.
What has caused the demise of hognosed skunk populations in southern Texas? As reported by Tewes and Schmidly (1987) , in the past 60 years, 95% of native vegetation in the Rio Grande Valley has been transformed from subtropical plant communities to cotton, sorghum, sugar cane, vegetable crops, and citrus orchards. Because hog-nosed skunks generally are associated with rough rocky areas (Patton 1974) and brushy habitat (Schmidly and Hendricks 1984) , the conversion of native vegetation to row-crop agriculture may be partially responsible for the decline of hognosed skunks. However, habitat modification may not be the primary cause of the observed decline, because specimens of C. l. leuconotus have been collected in cultivated areas near Veracruz, Mexico (Hall and Dalquest 1963) . A more direct cause of population decreases may be associated with use of pesticides in agriculture. Hognosed skunks are primarily insectivorous (Bailey 1905; Davis 1951; Hall and Dalquest 1963; Patton 1974; Seton 1926) , and use of pesticides has increased throughout their range in conjunction with row-crop agriculture. However, no data are available to support or refute this hypothesis.
Finally, no new specimens of hog-nosed skunks in Colorado, referred to as C. m. figginsi and C. m. fremonti, have been collected since 1920 and 1933, respectively (Armstrong 1972; Miller 1925 Miller , 1933 Warren 1921) . Armstrong (1972) examined these specimens and suggested that rather than distinct subspecies they may represent sex and age variants of the more widely distributed C. m. mearnsi.
Color pattern as an indicator of taxonomic distinction.-Individual variation in color is quite common within the family Mephitidae. Davis (1974) and Hall (1946) found stripe patterns to be highly variable in the striped skunk. Hall (1946) found 1 litter of striped skunk in Kansas that contained 3 of 4 distinct color patterns recognized by fur traders, and Hall and Villa-R. (1949) found 6 hooded skunks, collected within a 3-mile radius, that ranged from having a single white spot on the head to a white stripe down the back and tail, as well as a stripe down each side. Van Gelder (1968) made a similar observation for a population of Conepatus from Uruguay, and Patton (1974) found a specimen of C. m. mearnsi from Terrell County, Texas, that had the ''typical'' C. leuconotus pattern.
When Lichtenstein (1832) originally described C. leuconotus and C. mesoleucus, he relied heavily on color patterns to distinguish the 2 species. He felt that characters such as dentition were arbitrary and not of much use to taxonomists, but that color pattern was more reliable. Merriam (1902) and Bailey (1905) relied on Lichtenstein's (1832) description of the species when they described the subspecies in Texas, and most recent keys of hog-nosed skunks have emphasized color pattern as a major distinguishing characteristic for the identification of taxa (Davis 1974; Hall 1981; Schmidly 1984) .
Although color pattern has been used in the past as a taxonomic character to diagnose unique populations and taxa of hognosed skunks, a closer examination of color-pattern variation suggests that the degree of variation associated with this character is too large for any meaningful use as a diagnostic character. For instance, Goldman (1922) realized that color pattern in hognosed skunks is not a valid taxonomic character. Under the remarks section of his description of C. m. venaticus (Arizona hognosed skunk) he states (Goldman 1922:40) , ''The extension of white of upper parts is variable as usual in the species.'' Our study of color pattern supports Goldman's (1922) statement. In Lichtenstein's (1832) description, the terminal shape of the stripe on the head was used as a diagnostic feature. Nevertheless, in our examination of this characteristic, considerable overlap among recognized taxa was found, with all 3 categories (sharp, wedge-shaped, and truncated) observed for different species and subspecies. The same can be said for stripe pattern on the back and tail. Although there is a trend for hog-nosed skunks from the northwestern part of their range to have more white on the back, there is still considerable variation with respect to stripe pattern, making it difficult to identify either species or subspecies on the basis of color pattern. Therefore, if color pattern were used as the sole characteristic for the identification of distinct groups of hog-nosed skunks, all populations of white-backed hog-nosed skunks would belong to the same taxonomic group.
Morphometric variation.-Although the 3 Central American and South American species are distinct from species seen in Mexico and the United States, the evidence for recognition of currently named species and subspecies of North American Conepatus is not convincing. There is a trend toward C. leuconotus being somewhat larger than C. mesoleucus, yet the phenetic analyses performed for representative subspecies of these 2 taxa did not reveal any apparent difference that would merit recognition of these 2 forms as distinct species. In addition, morphological distinction among most of the currently recognized subspecies of C. mesoleucus also is not apparent.
Mitochondrial gene tree.-Mitochondrial DNA has proven useful for examining patterns of phylogeographic variation in many species of vertebrates (Avise et al. 1987) , and in many cases, patterns of mtDNA variation have been much more effective than traditional taxonomy in defining units of conservation (Avise 1989 (Avise , 1992 Avise and Nelson 1989; Bowen et al. 1991 Bowen et al. , 1993 Morin et al. 1994) .
In terms of the patterns of mtDNA variation in hog-nosed skunks, the phylogenetic relationships derived from the D-loop sequence data are not congruent with traditional taxonomic designations. As mentioned above, most species and subspecies of hog-nosed skunks were named originally on the basis of limited phenotypic information that reflected either differences in color pattern or size. As seen in Fig. 6 , there is no difference between C. leuconotus and C. mesoleucus, with only C. chinga and possibly C. m. figginsi representing unique lineages relative to the larger clade containing the remaining taxa from North America. Moritz (1994) has provided a discussion regarding the use of genetics and phylogenetics to identify ''evolutionary significant units '' and ''management units'' in conservation biology. In terms of such units, he suggested that evolutionary significant units represent historically isolated and distinct populations. As pointed out by Moritz, the identification of such units is important to long-term management of biodiversity. The criterion set for the identification of evolutionary significant units is that members of such units should reflect reciprocal monophyly with regard to mtDNA haplotype relationships as well as significant divergence in terms of allelic variation at nuclear loci. In most respects an evolutionary significant unit is equivalent to a phylogenetic species (Cracraft 1989) . No mention was made regarding morphological divergence. With respect to this criterion, an evolutionary significant unit should be unique from other such units in terms of its mtDNA phylogeny. Based on our data, at most 3 major lineages could be recognized as evolutionary significant units.
Taxonomy of white-backed hog-nosed skunks.-Morphologically, there is no clear separation among named subspecies and species of Conepatus in the United States and Mexico, whereas South American taxa consistently are distinct on the basis of cranial measurements, overall color pattern, and genetics. The patterns of mtDNA variation among North American populations are congruent with detailed morphological assessment, except that C. m. figginsi groups separately from the other taxa examined. Although the small sample sizes and quality of existing specimens precluded a detailed analysis of a few subspecies from Mexico and Colorado, we suggest that, on the basis of the overall patterns seen in the taxa that were examined, it is unlikely that these subspecies are morphologically distinct. However, we do withhold a decision on C. m. telmalestes and C. m. fremonti until genetic data can be obtained. In all likelihood, the 2 Colorado subspecies, C. m. figginsi and C. m. fremonti, are genetically similar. It may be possible to verify this if mtDNA fragments could be amplified from the 1 skin that exists for C. m. fremonti.
As a result of these findings, we make the following recommendations regarding taxonomy of hog-nosed skunks. First, based on morphology, genetics, or both, the 3 taxa C. chinga, C. semistriatus, and C. humboldtii from Central and South America should each be recognized as a distinct species. These are the striped hog-nosed skunks of the subgenus Marputius (Merriam 1902 
RESUMEN
Se revisó el estado taxonómico del zorrillo cadeno (género Conepatus, subgénero Oryctogale) usando morfología cranial y externa así como la secuencia de DNA mitocondrial. Se determinó que las dos especies, Conepatus leuconotus y C. mesoleucous así como sus respectivas subespecies representan sólo una especie, C. leuconotus. Dentro de esta especie existen al menos tres unidades o subespecies reconocidas. Estas subespecies son: C. l. leuconotus (incluye C. l. texensis, C. m. mearnsi, C. m. mesoleucus, C. m. nelsoni, C. m. venaticus, C. m. nicaraguae, C. m 
